Since 1847, after the first publication of research on adipose tissue [1] , over 118,000 publications in PubMed now demonstrate that adipose tissues are widely distributed in the body and involved in many aspects of health and diseases. There is no doubt that presence of appropriate amounts of adipose tissue is essential to maintain the healthy status of the body, while excess adipose tissue over time leads to obesity and obesityassociated complications such as diabetes, cardiovascular diseases, cancer, and other chronic illnesses [2] . Almost all of this knowledge is derived from research on white adipose tissue (WAT) because it was long believed that brown adipose tissue (BAT) was not presented in adult humans [3] . Although Y. Tanuma and colleagues published data in 1976 indicating the presence of thermogenic brown adipocytes in perirenal adipose tissue in adults that responded to stimuli by oxidation of stored fat [4] , it was not until 2009 that active research on BAT was spurred with the Brediscover^of active BAT in adult humans under cold acclimation [5] [6] [7] . After a decade of intensive research, now it is well-accepted that activation of BAT or conversion of WAT to BAT-like, which is referred to as Bbrowning,^could be potential targets to overcome the complications caused by excess WAT [8] . The endocrine homeostasis of adipose tissue is critical in maintaining health or causing obesity-related cardiovascular diseases [9] . However, in the vascular system, the paracrine roles of perivascular adipose tissue (PVAT) on vascular biology were overlooked until Soltis and Cassis, in 1991, demonstrated that the PVAT around the aorta affects the contraction ability of vessel rings in response to norepinephrine [10] . Since then, over 700 publications in PubMed indicate that PVAT is not solely a structural supporting material to the aorta, but that it also secretes many, some yet uncharacterized, PVAT-derived factors that profoundly contribute to vascular homeostasis and development of vascular diseases such as hypertension, atherosclerosis and aneurysm through an Boutside-to-inside^signaling targeting the underlying layers in the vessel [11] [12] [13] [14] . PVAT at different locations is either brown-like or the so-called Bbeige^adipose tissue and there is strong evidence that PVAT has similar functional characteristics as classical brown or Bbeige^adipose tissue. However, as PVAT is closely adjacent to the vessel wall, the direct paracrine effects of PVAT on the underlying vessel wall should not be overlooked and have become a field of increasingly active research. The publications on PVAT biology in this Special Section of Cardiovascular Drugs and Therapy further contribute novel findings relative to PVAT's roles in vascular function.
Cheng et al. review the current knowledge regarding PVAT-derived factors of relevance to vascular function, PVAT innervation, and experimental strategies to study the roles of PVAT in vitro and in vivo, including different animal models and modified PVAT content [15] . The presence of different types of adipocytes including brown, beige, and white in PVAT at different sites along the blood vessels underscores the difficulty and complications in studying the specific roles of PVAT on vascular biology and vascular diseases. Available tools for Cre-based knock out in adipocyte-selective mouse models with the expression of the Cre recombinase driven by fatty acid binding protein 4 (aP2), adiponectin, or resistin promoters will delete the studied gene in all types of adipocytes. A recently developed uncoupling protein 1 (Ucp1)-Cre mouse approach has been used to delete genes in brown adipocytes in PVAT and BAT in the interscapular and other regions [13] . Thus, although somewhat more specific, it is still difficult to distinguish the biology of PVAT from BAT depots with this model. Similar difficulties and complications are seen in other cell types, such as endothelial and smooth muscle cells, with intrinsic heterogeneity in different vascular trees or organs.
PVAT acquires a pro-inflammatory phenotype with accumulation of inflammatory cells and production of proinflammatory adipocytokines which contribute to migration of vascular smooth muscle cells in obesity. Horimatsu et al. present work indicating that abdominal PVAT transplantation onto the abdominal aorta (one strategy to modify PVAT content) inhibited endothelium-dependent relaxation in the thoracic aorta and increased inflammation. Reduced adiponectin expression in the transplanted PVAT might remotely affect endothelial function and atherosclerosis development in the thoracic aorta, thus suggesting a wider, endocrine role of PVAT. These findings highlight that obesity-induced PVAT inflammation could contribute to endothelial dysfunction and atherosclerosis in a remote manner [16] .
Aging leads to adipose tissue dysfunction, especially progressive loss of brown properties (or Bwhitening^) in PVAT, which may contribute to vascular diseases related to aging. Pan et al. present evidence that aging inhibits perivascular adipocyte browning. They show that miR146b is a novel modulator of perivascular adipocyte browning in response to cold stimulus, while loss of miR-146b-3p in preadipocytes in PVAT contributes to PVAT Bwhitening^in aging mice. This study links the roles of microRNAs in PVAT dysfunction and aging [17] .
Furthermore, obesity is associated with increased arterial stiffness, which is an inevitable consequence of the aging process and is considered an early stage in the development of cardiovascular diseases. Our current knowledge on the relationship between PVAT and arterial stiffness is very limited.
Chang et al. demonstrate that diet-induced obesity increased arterial stiffness associated with decreased expression of the mitochondrial protein mitoNEET in PVAT. Furthermore, overexpression of mitoNEET in PVAT (with surgical removal of interscapular BAT to partially rule out BAT contribution) prevents obesity-induced arterial stiffness associated with decreased PVAT inflammation in aging mice [18] . These findings and the study from Pan et al. [17] discussed above suggest that PVAT is a potential target to prevent cardiovascular diseases associated with aging.
Finally, the resident adipose progenitor cells (APCs) in human PVAT might play potential roles in PVAT accumulation during obesity. Boucher et al. characterized APCs from human PVAT negative for CD45 and CD31, while positive for CD73, CD105, and CD140A, which could be differentiated into UCP1-positive adipocytes through the small GTPase Rab27a signaling pathway. Therefore, it is possible that Rab27a in resident APCs in PVAT may regulate PVAT expansion during obesity [19] .
The new findings reported in this Special Section further support the current notion that PVAT is a unique adipose tissue depot that contributes to vascular homeostasis while also has the potential to profoundly perturb the vasculature under certain pathological conditions, and suggest that targeting PVAT may be a promising therapeutic strategy for treating and preventing obesity-driven and aging-related vascular diseases.
Several questions on PVAT (patho)physiology still remain unresolved and will need to be systematically addressed in order to further understand the dynamic nature and roles of PVAT in health and disease. First, there is the question of autocrine, paracrine, and endocrine functions of PVAT. For example, the true identity of PVAT-derived relaxing and contracting factors, proinflammatory and anti-inflammatory adipokines, and their balance and mechanisms of action still need to be explored or confirmed. Certain factors which were found in other adipose tissue depots such as H 2 S, angiotensin II, adiponectin, leptin, resistin, etc. were identified in PVAT as well, although PVAT may present unique nuances regarding those systems. Thus, for instance, although angiotensin II in PVAT plays a role in circadian regulation of blood pressure, PVAT, unlike WAT, does not express significant levels of renin [14] . Additionally, little is known about the contribution of PVAT to endocrine effects in cross talk among organs, for example, liver, heart, skeletal muscle, etc., herein influencing the coordinated regulation of lipids and glucose metabolism [20] . Second, the directionality of PVAT function is an open question and the direction of (patho)physiological communication between PVAT and the rest of the vascular wall needs to be clarified. Does Boutside-toinside^signaling from PVAT towards vascular smooth muscle and endothelial cells maintain vascular homeostasis and/or drives vascular diseases? Conversely, does Binside-to-outsideŝ ignaling from the underlying vascular layers maintain PVAT function and/or cause PVAT dysfunction? Is there a dynamic balance instead and, if so, how is it regulated? Third, the real nature of Bbrowning^and Bwhitening^dynamics is still unsolved. Does it involve changes at the individual adipocyte level or does it reflect selection and expansion of alternative resident progenitors? Or is it a combination of both? Additionally, the cross-talk between PVAT and other adipose tissues in other depots should be studied. This will require development of PVATspecific genetic animal models and tools which currently pose a difficult challenge. The publications in this issue regarding PVAT include a summary of the current state of the field and its challenges, contribute new aspects towards understanding the roles of PVAT and highlight the significance of PVAT in cardiovascular health and disease. We are grateful to our contributors for sharing their critical and original work.
